Chemically modified heparins as inhibitors of heparan sulfate specific endo-beta-glucuronidase (heparanase) of metastatic melanoma cells.
To determine the significance of the heparan sulfate (HS) degradative endo-beta-glucuronidase (heparanase) in tumor invasion and metastasis and to develop possible antimetastatic agents, we synthesized specific inhibitors of this enzyme. We previously found that heparanase activity correlates with the lung colonization abilities of murine B16 melanoma cells and is inhibited by heparin [Nakajima, M., Irimura, T., Di Ferrante, N., & Nicolson, G. L. (1984) J. Biol. Chem. 259, 2283-2290]. In this study, heparin was chemically modified in order to determine which portions of its structure are responsible for heparanase inhibitory activity and to obtain heparanase inhibitors that have minimal additional biological effects, such as anticoagulation. N-Sulfate groups and O-sulfate in heparin were removed separately, and the resultant free amino groups were acetylated or resulfated. Heparin was also reduced at the carboxyl groups of uronic acid. The heparanase inhibitory activities of these heparin derivatives were examined by high-speed gel-permeation chromatography and by the use of radioactive HS immobilized on agarose beads. The results indicated that although N-sulfate and O-sulfate groups on glucosamine residues, and carboxyl groups on uronic acid residues, are important for heparanase inhibition, they are not essential for full activity. When highly metastatic B16-BL6 melanoma cells were incubated with N-acetylated N-desulfated heparin, N-resulfated N- and O-desulfated heparin, or carboxyl-reduced heparin and injected intravenously to syngenic C57BL/6 mice, significant reductions in the numbers of experimental melanoma lung metastases occurred.